of the mantle, the degree of plume influence and the deformation history of the lithosphere 7, 8 . Several recent seismic studies found evidence for melt in the crust and upper mantle beneath the rift based on high ratios of the P-wave velocity to the S-wave velocity (V p /V s ratios), velocities 5-10% slower than the global average and anisotropy [9] [10] [11] [12] [13] . However, precise determination of lithospheric thickness and depth of melting have proved challenging with existing seismic methodologies. Indeed, whether or not a rigid mantle lithosphere exists beneath rifts has remained relatively unknown until this point, fueling controversy and hampering predictive models of magmatic rifting 1, 7 . Here two S-to-P (Sp) receiver-function techniques image lithospheric structure and confirm robust features beneath the Afar triple junction and surrounding regions. Conversion-point binning with simultaneous deconvolution in the frequency domain 14, 15 is used for detailed modelling of robust features. Extended multitaper deconvolution 16 followed by migration and stacking 9,17 confirms robust features and gives a three-dimensional view of lithospheric structure. High-resolution coverage is provided by three data sets ( Fig. 1 ; Supplementary Information) 9 . The most significant feature besides the Moho is a strong negative phase at a mean depth of 77 ± 4 km on the western flanks of the rift (Fig. 2) . Little variability in depth is observed with the exception of the flood basalt region on the western flank where the discontinuity shallows from ∼80 to ∼60 km (Fig. 2) . Furthermore, a striking variation in the character of waveforms from the flank to the rift exists in the 75 ± 20 km depth range in both methodologies (Figs 2, 3) . Beneath the rift, no strong negative phase is imaged, rather a subtle but persistent positive phase is observed at a mean depth of 74 ± 4 km (Fig. 3) . The polarity of significant phases between 75 ± 20 km depth is strongly correlated with the location of the rift (Fig. 1) .
The depth of the large negative phase beneath the rift flank is coincident with the base of the seismically fast lid from surface waves and body waves, ∼50-80 km beneath the flank regions, and is therefore the lithosphere-asthenosphere boundary 12, 18 (LAB), in agreement with previous single-station receiver-function results (see Supplementary Information) . The lack of a strong negative LAB phase beneath the rift indicates that the mantle lithosphere has been replaced by upwelling asthenosphere. This is supported by previously reported seismic-velocity models that lack a velocity inversion beneath the rift 12, 18 . Indeed, plate-reconstruction models require the lid to be stretched by factors of three and two beneath Afar and the MER, respectively 19 , which is roughly explained by the absence of subcrustal lithosphere beneath the rift 7 . In other words, the 75-km-thick lithospheric lid on the flank is about three times the ∼25-km-thick crustal lid beneath much of Afar and about twice the ∼35-37-km-thick crustal lid beneath the MER (ref. 9) .
The transition from flank to rift is abrupt, occurring over less than ∼50 km (Figs 1, 2) . A sloped LAB is not imaged at the transition as it is too steep to be imaged by Sp, which loses resolution at slopes > ∼20
• based on critical angle calculations. The abrupt transition indicates that the lithospheric lid is not purely thermally defined (Fig. 3, 1,200 • C isotherm versus interpreted transition). Synthetic waveform modelling also indicates that a mechanism in addition to temperature is required. For example, beneath the flank the data are best fit by an 11% velocity drop at 77 km depth (Fig. 3) . A small amount of partial melting in the asthenosphere is probably required to explain the large, sharp velocity drop and therefore the boundary probably represents a barrier in permeability 20 . Beneath the rift a strong velocity increase with depth near 75 km is required. For example, the example bin is best fit by a 8% velocity increase at 66 km depth and an additional 5% velocity increase at 51 km depth, or about 13% over a depth range of ∼15 km (Fig. 3) . Models where only a Moho is included fit the data significantly worse than the best-fitting synthetic, that is, outside error bars (dashed blue line versus red line in Fig. 3) . Indeed, no model fits the data unless it has a strong, sharp velocity increase in the 75 km depth range (see Supplementary Information and Fig. S1 ). At the very least two 4% increases, or a total of 8%, are required to match the limits of the bootstrap errors. Positive polarity amplitudes are in red (velocity increase with depth) and negative polarity amplitudes are in blue (velocity decrease with depth). Black circles at 120 km depth show 100 km distance intervals. Ticks along the top of the panels show border faults. Discontinuity interpretations are labelled: crust-mantle (Moho); LAB; onset of decompression melting (onset of melting). Bins with <10 waveforms are not shown (white boxes). Only major features are interpreted. Minor features come from noise or sensitivity to off-axis structure.
The velocity increase beneath the rift matches predictions from geodynamic modelling. Numerical simulations of mantle flow, temperature and melting beneath a slow-rifting lithosphere with 1% melt retention find a rapid decrease in melt volume with depth, 1.0% to 0.0% over a depth range of <15 km (Fig. 3) , as melt percolates through the melt triangle in the upwelling zone (8% velocity increase) of the observed phase (Fig. 3) . One per cent melt retention assumes strong melt-buoyancy effects, which have been previously proposed for mid-ocean ridges 21 and are also probably required beneath Afar. Previous surface-wave, body-wave and receiver-function results have similarly interpreted very slow velocities and very high V p /V s values as significant amounts of shallow melting 9, 11, 12 . The depth of the positive phase/inferred base of the melt triangle provides a powerful constraint on the thermal structure beneath the rift and therefore the presence or absence of a mantle plume today. Mantle potential temperatures of 1,350-1,400
• C give velocity increases centred at 65-85 km depth, that is, within the range of seismic results. But increased potential temperatures expected for a plume, that is, temperatures ≥ 1,450
• C, would increase the expected depth of melting to >100 km (ref. 22 ; Supplementary Figs S2, S3 ), outside our error bars for the depth of the discontinuity. Therefore, no plume is required directly beneath the rift today and volcanism by adiabatic decompression melting can explain the observations. Adiabatic decompression melting is commonly accepted beneath mid-ocean ridges, but is more difficult to reconcile beneath Afar where models predict that cool continental temperatures and slow continental rifting (∼6-20 mm yr −1 ) lead to negligible melt production 23, 24 . Therefore, a plume is often invoked to explain active volcanism in Afar today. For example, low seismic velocities in the mantle beneath the rift 11 , seismic imaging of a thin or non-existent lithosphere 18 and geochemical estimates for potential temperatures 25 beneath the rift have all been used to argue for a thermal anomaly, that is, a plume source directly beneath Afar at present.
Our alternative model is one in which a direct thermal plume influence no longer exists, but volcanism occurs through decompression melting enhanced by melt-buoyancy effects. Melt buoyancy not only explains the large melt retention required to explain the velocity profile beneath the rift and seismic velocities from previous results, but also prolongs active volcanism past the influence of an active plume source. This model is supported by a number of other observations, for example, Africa has moved >500 km northwards in a hotspot reference frame, away from the location where the plume-related flood basalt magmatism occurred ∼30 Myr ago 26 . Furthermore, our predicted range of potential temperatures (1,350-1,400
• C) agrees with the range from geochemistry (1,370-1,490
• C; ref. 25 ) and also from mid-ocean ridge basalts (1, 450 • C; see Supplementary Information). Although the upper ends of these ranges have been interpreted as warmed mantle, possibly owing to regional plume influence, they are certainly too cold to be attributed to a direct plume influence, which would be much hotter (1,500-1,700
• C; see Supplementary Information). Indeed, petrologic estimates for the depth of melting in Afar (70-90 km; ref. 27) agree with the depth of our observed seismic discontinuity (∼75 km) and therefore the lack of a strong thermal plume signature directly beneath Afar. Low velocities beneath the rift extending to ∼200 km depth compared with surrounding regions 11 may be explained by a low-viscosity asthenospheric channel that feeds the rift, creating an influx of material that is warmer than surrounding regions, but certainly no strong thermal plume 28 . Although Afar is very different from a midocean ridge, this type of model has been used to describe similar velocity structures (Afar and the East Pacific Rise are similar at 75 km depth in global velocity models 10 ) and relatively low mantle potential temperatures beneath the East Pacific Rise 28 . Lateral asthenospheric flow has also been invoked to explain diachronous volcanism and geochemical variations beneath Afar 3 . Although we require no thermal plume signature directly beneath present-day Afar, a plume has certainly played an important role in the rifting history. A plume signature has been observed in lavas from ∼30 Myr ago in flood basalts on the
